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ÅNA62: High precision fixed-target Kaon experiment at CERN SPS
ÅMain goal: measurement of BR(+ ᴼ ʌʑʑ)
ÅBroader physics program: LFV / LNV in ὑ+ decays, hidden sector particles searches.

NA62 Timeline
Å2008: NA62 Approval

Å2014: NA62 Pilot Run (partial layout)

Å2015:  Commissioning run

ÅFull detector installation completed in September 2016
Å2016 : First Ùʉʉdataset in 2016

ÅContinuous data-taking until the end of 2018

Ådata-taking will be resumed in 2021 with improvements

NA62

~ 200 participants from: Birmingham, Bratislava, Bristol, Bucharest, CERN, Dubna, GMU-Fairfax, 

Ferrara, Firenze, Frascati, Glasgow, Lancaster, Liverpool, Louvain, Mainz, Moscow, Napoli, Perugia, 
Pisa, Prague, Protvino, Roma I, Roma II, San Luis Potosi, Torino, TRIUMF, Vancouver UBC
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ÅHigh sensitivity to New Physics
ÅFCNCprocess forbidden at tree level
ÅHighly CKM suppressed (BR ~ |VtsxVtd|

2)

ÅVery clean theoretically: Short distance contribution

Åhadronic matrix element extracted from precisely measured BR(+ ᴼ ʌÅʑ)
ÅSM predictions:

BR(+ ᴼ ʌʑʑ) = (9.3 ± 0.8) × 10-11

BR(+ ᴼ ʌʑʑ) = (3.7 ± 0.7) × 10-11

ÅPreviousExperimentalResult:

BR(+ ᴼ ʌʑʑ)E787+E949= (ρχȢσ Ȣ
Ȣ) × 10-11

BR(+ ᴼ ʌʑʑ)E391a< 2.6 × 10-8 (90% C.L) 
[Phys. Rev. D 77, 052003 (2008), Phys. Rev. D 79, 092004 (2009)]

[Phys. Rev. D 81, 072004 (2010)]

The +ᴼʌʑʑdecay
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+ᴼʌʑʑand New Physics
Measurement of charged (+ ᴼ ʌʑʑ) and neutral (+ ᴼ ʌʑʑ) modes can 

discriminate among different NP scenarios

Å Models with CKM-like flavorstructure (Models with MFV)
[Buras, Buttazzo,Knegjens, JHEP11(2015)166]

Å Custodial Randall-Sundrum 
[Blanke, Buras, Duling, Gemmler, Gori, JHEP 0903 (2009) 108]

Å Simplified Z, Z' models
[Buras, Buttazzo,Knegjens, JHEP11(2015)166]

Å Littlest Higgs with T-parity 
[Blanke, Buras, Recksiegel, Eur.Phys.J. C76 (2016) 182]

Å LFU violation models
[Isidoriet al., Eur. Phys. J. C (2017) 77: 618]

Å Leptoquarks
ώ{Φ CŀƧŦŜǊΣ bΦ YƻǑƴƛƪΣ [Φ ±ŀƭŜ {ƛƭǾŀΣ ŀǊ·ƛǾΥмулнΦллтусǾм όнлмуύϐ

Å MSSM analyses
[Blazek, Matak, Int.J.Mod.Phys. A29 (2014) no.27],[Isidori et al. JHEP 0608 (2006) 064]
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E787/E949
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E787/E949

NA62
Preliminary
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+ᴼʌʑʑand the LFU violation
The Measurement of + ᴼ ʌʑʑtogether with " ᴼ +z ʑʑcan canprobe 

the Lepton-Flavour Universality

EPJ C (2017) 77: 618

NA62

ÅAn interactions responsible for LFU violations can 
couple mainly to the third generation of left-
handed fermions;
Å+ᴼʌʑʑis the only kaon decays with third-
ƎŜƴŜǊŀǘƛƻƴ ƭŜǇǘƻƴǎ όǘƘŜ ˍ ƴŜǳǘǊƛƴƻǎύ ƛƴ ǘƘŜ Ŧƛƴŀƭ 
state;
ÅA deviations from the Standard Model 

predictions in +ᴼʌʑʑbranching ratios should 
be closely correlated to similar effects in "ᴼ

ὑᶻʑʑ.

SM
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NA62 Layout
SPS Beam:
Å 400 GeV/c protons
Å 1,9ɇ1012 protons/spill
Å 3.5s spill 

Secondary positive Beam:
Å 75 GeV/c momentum
Å 1 % bite 100 mraddivergence (RMS)
Å 60x30 mm2 transverse size
Å K+ (6%)/ʌ+ (70%)/p(24%)
Å 33x1011 ppp on T10 (750 MHz at GTK3)

Decay Region:
Å 60 m long fiducial region
Å ~ 5 MHz K+ decay rate
Å Vacuum ~ O(10-6) mbar

Differential Cerenkov
for K+ ID in the beam

Beam tracking
Si pixels, 3 stations

Charged veto

ɾveto

ɾveto

ɾveto

ʈ/ʌID
1 atm Ne

ʈVeto
Fe/scint

Dipole spectrometer
4 straw-tracker stations
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Analysis Strategy

Experimental principles:
1. Precise kinematic reconstruction
2. PID: K upstream, Ὡ/ ‘/ “downstream
3. Hermetic detection
4. Sub-ns timing

Å New Decay in flight technique
Å Signal: 1 beam track, 1 charged track, nothing else
Å Background: K+ decay modes; beam activity
Å Kinematics:

Key analysis requirements:
Å 2 signal regions in 
Å 15 <         < 45 GeV/c
Å 60 m long decay region

Keystone:
Å O (100 ps) Timing between sub-detectors
Å O (104) background suppression from kinematics
Å > 107 Muon suppression
Å > 107“0 (from K+Ҧ “+“0) suppression
Å Signal and background control regions are kept 
blind throughout the analysis
Å 7 categories (hardware configurations and momentum)
Å use of MVA for particle identification and upstream 
background rejection

Region I Region II
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Signal Selection
ˉ˄s˄election:
Å K+ Decay Event
Å Fiducial Decay Region
Å tŀǊǘƛŎƭŜ L5Υ ˉ+

Å Photon rejection
Å Multiple charged particle rejection
Å Kinematic Selection of the Signal Regions

Performance:
Åҗмл4 Kinematic background suppression
Åҗмл7                  Muon suppression
Åҗмл7 0̄ (from K+Ҧ +̄ 0̄) suppression
Å O(100 ps) timing between sub-detectors
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Background from Kaon Decay Estimation

Å The same procedure is used for K+Ҧ ˃+˄ and K+Ҧ ̄+ +̄ -̄

Å K+Ҧ ̄+ -̄e+
e˄ estimation entirely using MC simulations 

normalized to the S.E.S.

Control K+Ҧ +̄ 0̄data used to study
the tails of the m2

missdistribution

NA62 Preliminary

SES = (1.11 Ë0.07) Ñ 10-11
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Upstream background

ÅPionsproduced upstream the fiducial volume
o Early K+ decay
o Interaction of beam particles with the beam 

spectrometer material
ÅPionscan be associated to an accidental particle of 

the beam line
ÅDangerous if coupled with pion scattering in the first 

spectrometer chamber
ÅKaon-pion associationand geometrical cuts effective
ÅThe geometrical originof those events allow to define 

samples for backgrounds validation
ÅData driven background estimationNA62 Preliminary

Collimator

Last beam line dipole
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Expected events

Process Expected events in R1+R2 (2018 data)

K+Ÿ“+‡Ӷ‡(SM) 7.58 ±0.40syst±0.75ext

Total Background υȢςψȢ
Ȣ

K+Ÿʌ+ʌ0(ɾ) 0.75 ± 0.04 

K+Ÿʈ+ʉʈ(ɾ) 0.49 ± 0.05 

K+Ÿʌ+ʌ- e+ʉe 0.50 ± 0.11 

K+Ÿʌ+ʌ+ʌ-

K+Ÿʌ+ɾɾ
K+Ÿʌ0l+ʉ

0.24 ± 0.08 
< 0,01
<0,001

UpstreamBackground σȢσ Ȣ
Ȣ

Background expectations validated in control regions using a blind procedure



11/06/2021 JACOPO PINZINO 14

Control regions: main decays

NA62 Preliminary

+̄ +̄ -̄control
region

+̄ 0̄control
region

+˃˄ control
region
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Result

5.3 background + 7.6 SM signal events expected, 17 eventsobserved
1 event observedwith 2016data [Phys. Lett. B 791 (2019) 156-166]

2 events observedwith 2017data [J. High Energ. Phys. 2020, 42]

NA62 Preliminary
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ά signal and background in the 2018 data
LƴǘŜƎǊŀǘŜŘ ƻǾŜǊ ǘƘŜ Ŧǳƭƭ ˉҌ ƳƻƳŜƴǘǳƳ

NA62 Preliminary



11/06/2021 JACOPO PINZINO 17

+ᴼʌʑʑŀƴŘhistorical context

NA62 Preliminary

NA62 Run1(2016 + 2017 + 2018) result:

Br(K+ ᴼ “+‡Ӷ‡) = (ρπȢφ Ȣ
Ȣ

stat ± 0.9syst  Ͻ ρπ
-11 (3.4ʎsignificance)

[arXiv:2103.15389 [hep-ex]](accepted by JHEP)


